with IL-1β, active NF-κB was still markedly lowered. Nevertheless, we observed an increased 29 secretion of IL-6, IFN-γ and GM-CSF under these conditions. These effects were associated 30 with the ability of MIMLh5 to enhance the expression of the heat shock protein-coding gene 31
hsp70. In addition, MIMLh5 increased the GM-CSF/G-CSF ratio. This is compatible with a 32
Bacterial strains and culture conditions 86
The bacterial strains used in this study are listed in Table 1 . Lactobacilli and Bacillus 87 coagulans were cultivated in MRS broth (Sharlau, Barcelona, Spain) supplemented with 0.05 88 % L-cysteine-HCl (cMRS) and incubated at 37°C overnight. Oral streptococci and 89
Streptococcus thermophilus were routinely grown overnight in M17 broth (Sharlau, 90 Barcelona, Spain) supplemented with 2 % of lactose (LM17). Lactococci were grown 91 overnight in LM17 at 30°C. Bifidobacterium animalis subsp. lactis Bb12 was grown under 92 anaerobic conditions (Anaerocult A System; Merck, Darmstadt, Germany) at 37°C in pre-93 reduced cMRS. Streptococcus pyogenes C11 (emm-type 77, clinically isolated from a 94 pharyngitis patient) was grown overnight at 37°C in BHI broth (Difco, Detroit, MI, USA) 95 supplemented with 0.3 % yeast extract. 96
97

Bacterial adhesion to FaDu cell layer 98
FaDu cells were grown in 3-cm Petri plates on microscope cover glasses until a 99 confluence was reached, as described previously (23). Afterward, adhesion assay was 100 performed as previously illustrated (22, 23) . 101
102
Determination of antagonistic activity against Streptococcus pyogenes 103
immortalized, non-tumorigenic cell line). Cell lines were routinely grown until a confluence 109 was reached, as described previously (23). The bacterial cell concentration of an overnight 110 culture was determined microscopically using a Neubauer Improved counting chamber 111 (Marienfeld GmbH, Lauda-Königshofen, Germany). Bacterial cells were washed with PBS 112 and resuspended in the same buffer at the concentrations reported below. In the exclusion 113 assay, the cell layer was pre-incubated with 1 ml of a tester strain suspension (5 × 10 8 cells 114 ml -1 ), followed by incubation with the indicator strain (2 × 10 8 cells ml -1 of S. pyogenes 115
C11
Luc ). In exclusion experiments, we used a concentration of 5 × 10 8 tester cells ml control. The same samples were also prepared by incubating bacteria and FaDu cells in the 132 presence of 2 ng ml -1 of interleukin (IL)-1β. After overnight incubation at 37 °C in the presence 133 of 5 % carbon dioxide, the supernatants were collected and kept at -80°C. Finally, different 134 cytokines in the supernatants were determined on a Bioplex Array Reader (LUMINEX 100, 135
Bio-Rad Laboratories, Hercules, CA, USA) using Bio-Plex Human Cytokine 17-plex panel 136
(Bio-Rad), according to the human cytokine Bio-Plex panel assay Bio-protocol (Bio-Rad). The 137 list of tested cytokines and the corresponding detection limits were as follows: IL-1β, 0.3 pg ml -138 1 ; IL-2, 0.2 pg ml -1 ; IL-4, 0.1 pg ml -1 ; IL-5, 0.3 pg ml -1 ; IL-6, 0.2 pg ml -1 ; IL-7, 0.3 pg ml -1 ; IL-8, 139
0.3 pg ml -1 ; IL-10, 0.2 pg ml -1 ; IL-12 (p70), 0.4 pg ml -1 ; IL-13, 0.3 pg ml -1 ; IL-17, 0.5 pg ml -140 1 ; granulocyte colony-stimulating factor (G-CSF), 0.2 pg ml -1 ; granulocyte macrophage 141 colony-stimulating factor (GM-CSF), 1.1 pg ml -1 ; interferon (IFN)-γ, 2.6 pg ml -1 ; monocyte 142 chemotactic protein (MCP)-1, 0.8 pg ml -1 ; macrophage inflammatory protein (MIP)-1β, 0.6 pg ml -1 ; 143 tumor necrosis factor (TNF) α, 0.6 pg ml -1 . 144
145
Measurement of NF-κB activation in reporter FaDu cells 146
The FaDu cell line was stably transfected with luciferase reporter plasmid pNiFty2-Luc 147 (InvivoGen, LaboGen, Rho, Italy) as described in (23). In pNiFty2-Luc, the expression of an 148 insect luciferase gene is induced by the active NF-κB molecules present in the cell. cells were simultaneously stimulated with IL-1β (2 ng ml -1 ). All strains were analyzed in 157 duplicate in at least three independent experiments for each MOI. The unpaired Student's t-158 test was run for statistically significant differences. 159
160
Transcriptional analysis of heat shock genes in FaDu cells 161
FaDu cells were cultured until confluence using the same protocol described above After 162 growth, the FaDu layer was detached by trypsinization and cells were resuspended in DMEM 163 medium at a concentration of 250000 cells ml -1 in presence of 100 mM HEPES (pH 7.4). 164
Subsequently, 50 µl of tester bacterial suspension, containing 2 × 10 9 or 2 × 10 8 , were added to 165 450 µl of FaDu suspension, resulting in multiplicities of infection (MOIs) of about 1000 or 100, 166 respectively. The analysis was performed at the baseline and after the addition of 2 ng ml -1 of 167 IL-1β. After incubation at 37°C for 4 h, cells were recovered by centrifugation (2000 g for 4 168 min at 4°C), and the supernatant discarded. Total RNA was isolated from a FaDu cellular 169 pellet using iScript RT-qPCR Sample Preparation Reagent (BioRad Laboratories, Milano, 170 Italy) following the manufacturer's protocol. RNA was used for reverse transcription with 171 iScript cDNA Synthesis kit (BioRad Laboratories) according to manufacturer's instructions. 172
The real-time quantitative PCR (qPCR) was carried out using the EvaGreen PCR master mixwere recorded as threshold cycles (CT), expressed as means ± standard deviations, computedusing the software BioRad CFX Manager and expressed as normalized expression (∆∆CT) ± 177 standard error of the mean. The following primers (5) were used in the qPCR reactions: 178 hsp27, forward 5′-CCCACCCTCTATCACGGCTAC-3′ and reverse 5′-179 GGGCTCAACTCTGGCTATCTC-3′; hsp70, forward 5′-GCGACCTGAACAAGAGCATC-180 3′ and reverse 5′-GAGCTTGCCCTTGAGACCC-3′. The expression levels of the heat-shock 181 genes hsp27 and hsp70 were normalized using genes coding for β-actin (ACTB, forward 5'-182 CTGGAACGGTGAAGGTGACA-3' and reverse 5'-AAGGGACTTCCTGTAACAATGCA-183 3') and glyceraldehyde-3-phosphate dehydrogenase (GAPDH: forward 5′-184 GGAGTCCACTGGCGTCTTCAC-3' and reverse 5′-185 GAGGCATTGCTGATGATCTTGAGG-3') as reference housekeeping genes, because 186 because these genes were recently shown to be the most stable in an epithelial cell line (40). 187
The qPCR cycle used was the following: initial denaturation at 95°C for 3 min, followed by HaCaT. Significant differences in antagonistic exclusion were observed among the strains. 237
Roughly, with only a few exceptions, strains displaying good adhesion properties antagonized 238 more efficiently S. pyogenes on human epithelial cells ( Viili also displayed an antagonistic exclusion significantly stronger than the reference oral 249 probiotic strain S. salivarius K12 (Fig. 2) . 250
The antagonism by competition was tested only on the FaDu cell layer. secretion of IL-6, IL-8, TNFα and G-CSF while increased GM-CSF (Fig. 6) . Finally, 271
Lactobacillus helveticus MIMLh5 displayed the strongest ability to inhibit the secretion of IL-272 6 (from 78.1 to 5.5 pg ml -1 ), IL-8 (from 1721 to 111 pg ml -1 ) and G-CSF (from 3.5 to 0.2 pg 273 ml -1 ). Moreover, the strain MIMLh5 decreased TNFα and enhanced GM-CSF (Fig. 4) . 274
We also performed the same experiments by stimulating FaDu cells with 2 ng ml -1 of 275 the pro-inflammatory cytokine IL-1β (Fig. 4) . With respect to baseline, the presence of IL-1β 276 induced a drastic change of cytokine profile for strain MIMLh5. Several cytokines, which 277 were considerably reduced by L. helveticus MIMLh5 at baseline, in fact, resulted in an 278 increased secretion when FaDu cells were incubated with MIMLh5 in the presence of IL-1β. 279
The modification of MIMLh5's effect in the presence of IL-1β was particularly evident for 280 cytokines IL-6, IL-8, G-CSF, INF-γ, MIP-1β and TNFα. This trend emerged also for the other 281 two tested strains, but to a much lesser extent. Especially, the presence of IL-1β increased the 282 secretion of MCP-1, MIP-1β and TNFα for S. salivarius K12 and INF-γ, MCP-1 and TNFα 283 for S. oralis ST4 (Fig. 4) . production of both cytokines at all MOIs tested, while NF4, as expected, did not (Fig. 6) . In 335 particular, while the effect of La-5 on IL-2 and TNFα secretion was strictly dose dependent, 336
on December 14, 2017 by guest http://iai.asm.org/ Downloaded from lowest MOI (Fig. 6) . Table 2) The first probiotic property that we considered was the adhesion to the host's target 366 epithelium. The ability of commensals and probiotics to bind human mucosa has pivotal 367 importance because it can promote the colonization and sustain host epithelium-bacteria 368 cross-talk (33). Our experiment showed that two dairy strains, L. helveticus MIMLh5 and L. 369 lactis Viili, can adhere to FaDu pharyngeal epithelial cell line comparably to the oral probiotic 370 bacterium S. salivarius K12, which is known to be able to colonize the oropharyngeal mucosa 371 after oral administration (24). 372
Streptococcus pyogenes (group A streptococci, GAS) causes approximately 15 to 30 % 373 of pediatric sore throat (8) and it is the etiological agent of skin and soft tissue infections, 374 glomerulonephritis and acute rheumatic fever. The oral administration of probiotic bacteria 375 could be a prophylactic strategy effective to reduce the transmission of GAS in the 376 community (49). For this reason, we tested the ability of probiotic bacteria to antagonize GAS 377 on in vitro epithelial layers. Since the oral cavity contains several types of surface, including 378 keratinized and non-keratinized epithelia, besides FaDu, we also included in the 379 experimentation the HaCat cell line, which resembles many characteristics of human 380 keratinocytes (10). The dairy strain L. helveticus MIMLh5, which adhered as well as, or better 381 than, all the other bacteria on the FaDu layer, displayed the best antagonizing activity against 382 on December 14, 2017 by guest http://iai.asm.org/ Downloaded from after antagonism assay (Fig. 3) seem to suggest that a main mechanism of antagonism of 384 MIMLh5 against GAS on human in vitro epithelia could be the competition for the adhesion 385 having, thus, a potential immuno-modulatory role at systemic level (Fig. 6) . 453
454
In conclusion, during this research, we evaluated in vitro the potential health promoting 455
properties at pharyngeal level of some of the most common commercial probiotic bacteria, 456 two oral streptococci and three dairy microorganisms. According to this study, we propose a 457 dairy bacterium, L. helveticus MIMLh5, as a potential pharyngeal probiotic, because of its 458 ability to adhere and to efficiently antagonize GAS on human epithelial cell lines. 
Species Strain AdI
Lactobacillus helveticus MIMLh5 4090
Lactococcus lactis subsp. cremoris Viili 4523
Streptococcus salivarius K12 3933
Streptococcus salivarius ST3 3789
Lactobacillus rhamnosus GG 1156
Lactobacillus acidophilus La-5 415
Streptococcus oralis ST4 153
Bifidobacterium animalis subsp. lactis Bb12 < 100 
Lactobacullus casei
